This study compared knee stability and alterations in the composition of synovial fluid among patients who underwent arthroscopic anterior cruciate ligament (ACL) reconstruction with either a hamstring autograft or a hamstring allograft. This prospective cohort study enrolled 175 patients. Of these patients, 90 underwent hamstring tendon autograft ACL reconstruction. The remaining patients (n=85) underwent hamstring tendon allograft ACL reconstruction. All of the patients had a minimum of 1 year of follow-up (mean, 2.5 years). Side-to-side differences and the proportion of mononuclear cells in knee joint synovial fluid were measured at 5 time points (preoperatively and at postoperative weeks 1, 3, 6, and 12) . During the early postoperative phase, side-to-side knee laxity was greater among the allograft group compared with the autograft group (P<.001). Additionally, among the allograft group, the proportion of mononuclear cells remained high at weeks 6 and 12 (mean, 90.0% and 88.9%, respectively) compared with a normal level in the autograft group (mean, 45.1% and 65.7%, separately). However, no significant difference was found between the 2 groups at final follow-up for range of motion, results of the Lachman test, results of the anterior drawer test, results of the pivot shift test, Lysholm score, bone tunnel enlargement, and graft failure rate (P>.05). These findings showed that, in the early postoperative phase, ACL reconstruction with a hamstring allograft resulted in greater knee laxity and immunologic response compared with the hamstring autograft group. However, at relatively long-term follow-up, both grafts achieved similar objective and subjective outcomes. n Feature Article followed by delayed graft incorporation. 7 Park et al 8 recently reported acute knee synovitis after ACL allograft reconstruction and suggested that it was caused by an acute host immune response.
Most studies have focused on the clinical results of ACL reconstruction with bone-patellar tendon-bone allograft, [9] [10] [11] and only a few studies have compared hamstring tendon autografts with hamstring tendon allografts. 4, 12, 13 Which kind of soft tissue graft is better remains controversial. Studies of immunologic response in patients after allograft ACL reconstruction are rare, and its clinical influence on knee stability is unknown. 8, 14 This cohort study compared clinical outcomes and short-term alterations in the composition of synovial fluid among patients who underwent arthroscopic ACL reconstruction with either a hamstring tendon autograft or a hamstring tendon allograft.
Materials and Methods

Patients and Inclusion Criteria
Patients who underwent arthroscopic ACL reconstruction between January 2008 and January 2011 at the study hospital were enrolled in the current cohort study according to the following inclusion criteria: (1) Patients were between 16 and 55 years old. (2) A primary unilateral ACL tear was diagnosed by physical examination and magnetic resonance imaging (MRI) and confirmed by arthroscopy. (3) Patients could have concomitant meniscus tears. Patients were excluded if they met any of the following criteria: (1) The tear was accompanied by neurovascular injuries of the knee. (2) The tear was associated with injuries of the posterior cruciate ligament, medial collateral ligament, lateral collateral ligament, or posterolateral corner of the knee. (3) The patient had systemic autoimmune disease, connective tissue disease, neoplasm, infection, severe hypertension, coronary heart disease, diabetes, or other known diseases that could affect the results of synovial fluid analysis.
The potential risks and benefits of the autograft and allograft were fully explained before surgery, and patients were allowed to choose a hamstring tendon autograft or a hamstring tendon allograft for reconstruction. All patients consented to the extraction of synovial fluid and synovial fluid analysis. The study was approved by the institutional review board for the study of human participants at the study institution.
Surgical Technique
All of the allografts, which were made from nonirradiated fresh-frozen hamstring tendon, were obtained from a certified tissue bank (Shanxi Bone Tissue Bank, Taiyuan, China). Hamstring tendon autografts were harvested with a semitendinosus stripper (AR-1278L; Arthrex, Naples, Florida). All ACL reconstruction procedures were performed by the same surgeon (W.L.) according to a standardized surgical technique. Single-bundle reconstruction was used for both groups. Average diameter of the tunnels was 8 mm, according to the grafts. The graft was rigidly fixed with an EndoButton (Smith & Nephew Endoscopy, Andover, Massachusetts) on the femoral side and a bioabsorbable interference screw (BIORCL-HA; Smith & Nephew Endoscopy) on the tibial side.
Postoperative Rehabilitation
Both groups received stepwise rehabilitation after reconstruction. To strengthen the muscles of the lower extremities, patients were encouraged to perform 20 to 30 repetitions per day for straight-leg raising and ankle pump movement. Continuous passive motion was introduced 2 weeks after surgery. The goal of knee flexion was achieved at 90° within 3 to 4 weeks of surgery and at 120° within 6 weeks of surgery. Daily activities were allowed 3 months postoperatively. Jogging and running were encouraged 6 months after surgery, but patients were not allowed to participate in impact sports until 12 months after reconstruction.
Clinical Assessment
General information and postoperative complications were carefully documented. Patients were encouraged to have radiographs or MRI assessment to evaluate the bone tunnel during follow-up. However, by comprehensively considering various factors, patients with no positive clinical symptoms and limited finances could be exempted from radiographs and MRI examination.
Physical examination was performed by the same experienced senior surgeon (R.Y.) and was repeated multiple times until consistent findings were obtained. Range of motion of the knee was assessed with a goniometer. Deficiency of range of motion of the operative knee was calculated by comparing the findings with those for the contralateral knee. The degree of instability found with the results of the Lachman test and the anterior drawer test was numerically graded as 0 (<3 mm), 1 (3-5 mm), 2 (6-10 mm), or 3 (>10 mm) according to anterior displacement of the tibia with respect to the femur. The Kneelax arthrometer (Biodex, Haarlem, the Netherlands) is essentially a computerized version of the KT-1000 arthrometer (MedMetric, San Diego, California) and was used to measure side-to-side differences in anterior tibia translation. 15 Measurement was performed with the patient lying supine with the knee held supported in a flexed position (approximately 20°). The handle of the device was then pulled with 133 N to translate the tibia anteriorly. Anterior displacement of the tibia on the femur during this procedure was recorded, and side-to-side differences were automatically calculated and displayed on the computer. The modified Lysholm knee scoring scale was used to measure subjective clinical outcomes.
Synovial fluid analysis was performed preoperatively and at postoperative weeks 1, 3, 6, and 12. After fluid was extracted from the affected knee joint under aseptic technique, samples of approximately 2 mL were injected into an anticoagulant vacuum tube. Immediately after the fluid was acquired, an automatic hematology analyzer (XE-5000; Sysmex, Hyogo, Japan) was used to analyze the proportion of mononuclear cells and multinuclear cells in the samples.
Statistical Analysis
Statistical analysis was performed with SPSS version 15 
results
Demographics
This cohort study included 175 patients ( Table 1) . All patients had follow-up for at least 1 year, and mean duration of follow-up was 2.5 years (range, 1-5.5 years). No significant differences were found for age and sex between the 2 groups. In addition, no significant differences were found between the 2 groups for preoperative Lysholm score, type of injury, presence of meniscus tears, and treatments for meniscus tears.
Surgical Procedure and Postoperative Complications
Reconstruction with an autograft significantly increased surgical time (P<.001) ( Table 2) . No significant difference was found between the 2 groups for short-term postoperative complications. In a relatively long-term follow-up period (6 months to 5.5 years), the incidence of bone tunnel enlargement detected by radiographs or MRI was not significantly different between the 2 groups. Physical examination and MRI showed graft failure during follow-up for 4 patients, 2 in the autograft group (2.2%) and 2 in the allograft group (2.4%). No significant differences were found for the graft failure rate between the 2 groups. 
Knee Stability and Composition of Synovial Fluid in the Early Postoperative Phase
As measured by a Kneelax arthrometer, mean preoperative side-to-side differences for the autograft and allograft groups were 7.62±3.66 mm and 7.82±2.56 mm, respectively. No significant differences were found between these values. However, during the entire early postoperative phase, side-to-side differences in the allograft group showed greater knee laxity compared with the autograft group (P≤.001) (Figure 1) .
For the autograft group, mean proportion of synovial fluid mononuclear cells preoperatively was 70.9%, which was slightly higher than that for the allograft group (Table 3, Figure 2) . At postoperative week 1, the percentage of mononuclear cells decreased dramatically in both groups. At week 3, the percentage of mononuclear cells increased to 27.0% for the autograft group and 21.1% for the allograft group. These values were still lower than the preoperative levels. However, considerable increases in the number of mononuclear cells were observed for both groups at weeks 6 and 12. For the autograft group, the percentage of mononuclear cells soared to 45.1% at week 6 and returned to the preoperative level at week 12. At weeks 6 and 12, the proportion of mononuclear cells in the allograft group was remarkably higher compared with the autograft group (P<.001) and also was higher than the preoperative level (P<.001), which was approximately 90% for at least 6 weeks.
Outcomes at Final Follow-up
Except for synovial fluid analysis, objective clinical outcomes and subjective evaluations of knee stability were obtained with a minimum of 1 year of follow-up. The results at final follow-up are shown in Table 4 . No obvious differences between the 2 groups were found for range of motion, results of the Lachman test, results of the anterior drawer test, results of the pivot shift test, or Lysholm score.
discussion
This study evaluated patients who underwent reconstruction of the ACL with either a hamstring autograft or a freshfrozen nonirradiated hamstring allograft. To focus on the immunologic response and compare clinical outcomes, the authors used identical surgical techniques and rehabilitation procedures for all patients.
Studies in animal models showed that although an allograft undergoes a remodeling procedure similar to an autograft, the incorporation rate for an allograft is much slower and is accompanied by a prolonged inflammatory response. 7 Clinical studies of the outcomes of soft tissue autograft and allograft reconstruction are limited. 4, 12, 13 None of these studies reported on knee stability during the early postoperative phase. The current study found that the allograft group had greater knee laxity than the autograft group for the entire early postoperative phase. From postoperative week 1 to week 12, for the allograft group, the means of sideto-side differences measured by a Kneelax arthrometer were greater than 2 mm. In contrast, most of the results for the Figure 1 : Side-to-side differences measured by a Kneelax arthrometer (Biodex, Haarlem, the Netherlands) preoperatively and postoperatively. *P≤.001, comparison of autograft and allograft side-to-side differences analyzed with an independent t test. autograft group were less than 2 mm. At postoperative week 6, side-to-side differences in the allograft group increased to 3.87±0.67 mm, which indicated low stability. These results agreed with animal studies. 7, 16 For alterations in the composition of synovial fluid, the current study found that the allograft group had a high level of mononuclear cells from postoperative week 6 to week 12, whereas the level in the autograft group returned to the preoperative level. Because of the limitations of sample acquisition, the authors did not know the exact percentage of mononuclear cells in a normal knee. Therefore, it is not known whether the preoperative level or the 12-week postoperative level in the autograft group was equal to the normal level. Nevertheless, the percentage of mononuclear cells in the allograft group obviously proliferated and exceeded 23.2% in the autograft group 12 weeks postoperatively. Because implantation of the allograft may stimulate the recipient's immune system, the authors predicted that the dramatic proliferation of mononuclear cells was an immunologic response to the allograft. 17 Subsequent analysis of the synovial fluid of the other 40 patients showed that most of the mononuclear cells were lymphocytes. In addition, for the allograft group, both the level of T helper 17 cells and the level of regulatory T cells in the synovial fluid were significantly increased. The ratio of T helper 17 cells to regulatory T cells in the synovial fluid was positively correlated with knee laxity. Synovial regulatory T cells showed increased suppressive capacity compared with those from blood, whereas synovial fluid CD4+CD25-responder T cells were less susceptible to the regulation of regulatory T cells (data published in a related article). 18 The T helper 17 cells have been implicated in allograft rejection of solid organs. 19 On the contrary, regulatory T cells have an anti-inflammatory function and maintain tolerance to self-components. 20 However, T helper 17 cells and regulatory T cells are only 2 unique subsets of T cells, and their roles in immunologic responses for the knee are unknown. The effect of these alterations of the composition of synovial fluid is still unclear. Thompson et al 21 found no significant difference in clinical outcomes compared with antibody-free patients, although 38% of patients who underwent reconstruction with deep-frozen allograft had detectable anti-donor immunoglobulin G antibodies.
For long-term follow-up, the influence of early-phase alterations may decrease, and a hamstring tendon allograft might serve as a satisfactory graft compared with a hamstring tendon autograft. During the average of 2.5 years of follow-up, the autograft and allograft groups had similar graft failure rates (2.2% and 2.4%, 12 reported 186 patients who were randomly assigned to receive either a hamstring tendon autograft or a hamstring tendon allograft. They found similar satisfactory outcomes in both groups after an average of 7.8 years of follow-up. 12 However, several studies comparing the outcomes in a young, active population reported different results. Bottoni et al 4 reported 4 (8.3%) autograft failures and 13 (26.5%) allograft failures that required revision reconstruction.
Limitations
This study had several limitations. First, patients were informed about the graft types, and the surgeon was not blinded to the type of surgery when performing physical examinations. As a result, observer bias was possible. Second, although all patients underwent physical examination and subjective evaluation at final follow-up, only some had radiographs or MRI evaluation to assess the bone tunnel, and the results could be affected by selection bias. Third, the authors extracted the synovial fluid only at 5 time points, and the final time point was 12 weeks after surgery. Therefore, the study did not detect alterations beyond 12 weeks. Finally, because some patients had only 1 year of follow-up, the authors are unsure whether the graft failure rate increased over the longer term.
conclusion
In the early postoperative phase, ACL reconstruction with fresh-frozen hamstring tendon allograft led to greater knee laxity and a higher immunologic response compared with hamstring tendon autograft. However, in a relatively long-term follow-up period, knees that underwent reconstruction with a hamstring tendon allograft showed similar objective and subjective outcomes compared with knees treated with a hamstring tendon autograft.
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